Pediatric diarrheal disease remains the 2nd most common cause of preventable illness 24 and death among children under the age of five, especially in Low and Middle-Income Countries 25 (LMICs). However, there is limited information regarding the role of food in pathogen 26 transmission due to measuring infant food contaminations in LMICs. For this study, we 27 examined the frequency of enteric pathogen occurrence and co-occurrence in 127 weaning infant 28 foods in Kisumu, Kenya using a multi-pathogen rt-PCR diagnostic tool, and assessed household 29 food hygiene risk factors for contamination. Bacterial, viral, and protozoa enteric pathogen DNA 30 and RNA were detected in 62% of the infant weaning food samples collected, with 37% of foods 31 containing more than one pathogen type. Multivariable generalized linear mixed model analysis 32 indicated type of infant food best explained the presence and diversity of enteric pathogens in 33 infant food, while most household food hygiene risk factors considered in this study were not 34 significantly associated with pathogen contamination. Specifically, cow's milk was significantly 35 more likely to contain a pathogen (adjusted Risk Ratio=14.4; 95% Confidence Interval (CI) 1.78-36 116.1) and contained 2.35 more types of pathogens (adjusted Risk Ratio=2.35; 95% CI 1.67-37 3.29) than porridge. Our study demonstrates that infants in this low-income urban setting are 38 frequently exposed to diarrhoeagenic pathogens in food and suggests that interventions are 39 needed to prevent foodborne transmission of pathogens to infants. 40 41
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The most common infant food types were porridge and cow's milk, followed by tea, and 115 "other" food (example: flour bread, mashed potatoes, or beans) (Table 3) . Food type did not vary 116 for infants < 6 months of age versus those older than 6 months (chi-square, p=0.12) when food 117 types were categorized as milk, porridge, and non-milk/porridge (tea, water, flour bread, mashed 118 potatoes, or beans were grouped due to low frequencies per category). Most of the households 119 did not have a handwashing station in their food preparation and/or feeding area. Flies were 120 observed in one third of household food preparation and feeding areas, and animal feces were 121 observed in 8% of household food preparation and feeding areas. Non-permeable floors in food 122 preparation and feeding areas were most common. 123 124
Pathogen Distribution and Diversity in Infant Weaning Foods. 125
Assessment of the quality of DNA and RNA extracted from infant food is reported in 126 Supplemental Table S2 . DNA and RNA of 13 different types of bacterial, viral, and protozoa 127 enteric pathogens was detected in 79 of the 127 (62%) infant weaning food samples collected 128 over the three-month span ( Table 4 ). The most commonly detected pathogens were Aeromonas 129 (20%), Enterohemorrhagic E. coli 0157 (EHEC) (17%), Enteropathogenic E. coli (EPEC) 130 (17%), Enterotoxigenic E. coli (ETEC) (13%), Adenovirus 40/41 (12%), and non-parvum/non-detected, with 37% of foods being co-contaminated by more than 1 pathogen type. 139 140
Risk Factors for Enteric Pathogens presence in Infant Weaning Food. 141
Food type, the infant sharing eating containers with other family members, and feces in 142 preparation area were associated at p<0.3 with presence of any pathogen in the bivariate analysis, 143 and were included in the multivariable analysis (Table 5 ). Sharing an eating container did not 144 improve model fit and was removed. In the final multivariable model, cow milk was significantly 145 more likely to contain an enteric pathogen when compared with porridge, but non-milk/porridge 146 foods were not statistically different from porridge. Pathogens were detected twice as often in 147 milk (95%, n=19/20) as porridge (56%, n=45/81) and non-milk/porridge foods (56%, n=15/26). 148
Observation of feces in preparation area was statistically associated with a lower risk of pathogen 149 presence compared to feces not being observed. 150
Food type, handwashing station in preparation area, sharing eating containers with family 151 members, and owning animals were associated with higher pathogen diversity at p<0.3 in 152 bivariate analysis and were considered in the multivariable model (Table 6 ). Food type was the 153 only variable retained in the final model for explaining pathogen diversity. Pathogen diversity 154 was 2.35 times higher in milk than in porridge, whereas non-milk/porridge foods trended 155 towards lower levels of diversity. 156 contamination by enteric pathogens, especially with respect to weaning foods provided to infants 161 [(17) ]. This study demonstrated that infants as young as three months of age in informal 162 settlements of Kisumu ingest food contaminated by a variety of different types of enteric 163 pathogens. Our qPCR-based enteric pathogen detection frequency of 62% is similar to what has 164 been reported for frequency of fecal indicator bacteria in infant food in similar high disease 165
burden settings, such as Bangladesh (40% -58%), Indonesia (45%), South Africa (70%), India 166 (56%), and Peru (48%) [(2, 23-27)]. We expand upon these studies to show that a substantial 167 number of infants ingest food contaminated by multiple types of enteric pathogens. Studies vary 168 in their conclusions as to which pathogens cause the most foodborne enteric disease in LMICs, 169 e.g. Norovirus, Campylobacter spp., S. enterica, ETEC, EPEC, Giardia lamblia, and Shigella 170 spp. are all attributed with a substantial amount of foodborne illness or death [(2, 28)]. The 171 etiology of foodborne disease may vary year to year, or month to month as suggested by our 172 study, which has implications for ranking the priority foodborne pathogens in settings where 173 outbreak or food monitoring information is limited. Many types of pathogens were detected in 174 food during our 5-month study in Kisumu, with Aeromonas being the most common pathogen, 175 followed by EHEC O157, ETEC and EPEC, and human adenovirus 40/41. Aeromonas is 176 extremely common in the environment, including foods, but is not considered a priority 177 foodborne pathogen [(29)]. However, EHEC O157 is notorious as a deadly cause of foodborne 178 epidemics, and the emergence of so many O157-positive food samples in March alone suggests 179 there may have been a foodborne outbreak. March is the onset of the rainy season in Kisumu. 180
The increased detection of multiple during this month may reflect an influence of seasonality on 181 foodborne transmission risks in Kenya. This foodborne danger would have been missed had we 182 sampled in a narrower timeframe. to the infant, it may or may not receive proper treatment to eliminate microbial pathogens. If 199 caregivers perceive milk to be safe due to prior pasteurization, they may not treat it further. If 200 milk is added to infant foods, it may be reheated as a part of the cooking process or can be added 201 to food after the preparation process without reheating. Milk is an optimal growth medium for 202 bacteria and may be particularly sensitive to cross-contamination from unclean surface, hands, 203 and flies or uncovered and unclean containers. Public health interventions targeting safety of 204 milk products may be particularly effective for reducing foodborne diarrheal diseases in infants 205 in LMICs.
Household water, sanitation, and hygiene (WASH) interventions have been suggested as 207
keys in combating enteric pathogen transmission and infections [(16, 35, 36) ]. While we found 208 some domestic food hygiene risk factors were associated with enteric pathogen presence and 209 diversity in bivariate analysis, most of these associations reduced in magnitude and did not 210 improve model fit after adjustment for food type. Counterintuitively, observation of feces in the 211 food preparation areaa rare situation to begin with -was associated with a lower likelihood of 212 pathogen presence after model selection, rather than higher child food contamination as expected 213 [(19) ]. This association may be caused by unmeasured confounding factors or reactivity of some 214 caregivers who were aware of the purpose of our visit. Timing household visits to coincide with 215 food availability is logistically challenging unless caregivers store food for infants for prolonged 216 periods of time. Thus, if food was not present during our first visit, we had to work carefully 217 with households to time our follow-up visits to coincide with when they would have food for the 218 child. Some caregivers may have reacted to the presence of feces in their preparation area before 219 our visit and contaminated the infant's food in the process of removing it. The inability to 220 determine causality is a limitation of our cross-sectional design. The lack of association between 221 other well-known risk factors of bacterial contamination in infant food could be caused by lack 222 of statistical power to detect smaller effect sizes, although does not detract from the dominant 223 role of food type in explaining pathogen detection. Analysis with a larger sample size are 224 underway to improve knowledge about foodborne pathogen transmission in Kisumu. 225
One of the strengths of our study is that we examined food for pathogens, rather than 226 bacterial indicators, using rigorous microbiological protocols to ensure quality of data was 227 preserved from field labs in Kisumu to molecular labs in Iowa. Fecal indicators, which are 228 typically used as a proxy for determining risk from fecal pathogens, are nonspecific and often do information on infant food contamination in LMICs required finding an effective microbial 231 testing method that enabled quantitative and target-specific measuring of a broad array of the 232 most common types of diarrhea pathogens in infant food. Even though qPCR is frequently 233 applied for the quantitative detection of pathogen presence in foodborne outbreak analysis [(38-234 40)], it has not been widely applied in food samples in LMICs. Our methods are novel in their 235 ability to detect a wide array of pathogens simultaneously. The qPCR approach is also a 236 limitation, since qPCR-determined concentrations may detect non-infectious organisms that 237 cannot cause disease. We are not certain what fraction of the PCR-detected pathogens are viable, 238 viable-but-non-recoverable, or dead microbial organisms. However, the distinct variability in 239 contamination patterns in infant food and the consistency with cow's milk came up as a risk 240 factor for pathogen presence suggests qPCR was a valid approach for identifying infant food risk 241
factors. 242
Several challenges had to be overcome for measuring and analyzing infant weaning food 243 contamination in this study, challenges which apply to many LMIC settings. First, multi-target 244 enteric pathogen detection capability is limited in LMICs due to limited laboratory facilities, 245 requiring samples to be sent to specialized labs for precise analysis. We minimized sample 246 degradation risks by using a ZymoBIOMICS™ DNA/RNA extraction kit that allowed us to 247 preserve samples at ambient temperature for storage, transport, and extraction [(41)]. This makes 248 the method more desirable for use in laboratory-limited LMICs or any field-based scenario, as 249 samples can be shipped to an equipped laboratory for processing with ease. The high rates of 250 recovery of MS2 virus spiked in to samples before storage and transport confirmed that we 251 experienced no loss in nucleic acid using this process. Second, the wide variety of physical and protocols complex, especially if the goal is to measure multiple types of pathogens [(42) ]. In 254 addition, the presence of inhibitors can impact qPCR performance [(43)]. We pre-piloted all 255 protocols to confirm that protocols for DNA and RNA recovery of spiked pathogens was not 256 affected by food type, then rigorously evaluated each sample for signs of inhibition prior to 257 qPCR analysis. Low inhibition rates and low variability in MS2 Ct values across all food types 258 showed that Zymo extraction kit can produce high-quality nucleic acids free of inhibition from 259 foods [(44-46) ]. Third, pathogens may be present in food at concentrations that are lower than 260 the methodological limit of detection, which results in misclassification of some pathogen- After agreeing to participate in the study, caregivers were interviewed about household 314 status, their level of education; access to water, sanitation, and hygiene resources; and key infant 315 weaning food preparation, storage, and feeding practices. Caregivers were then asked to provide 316 approximately five grams of already-prepared infant food of any type fed to the child that day. 317
The timing of food preparation for infants varied throughout the day, so the field team scheduled 318 follow-up visits with households at times when food would be available. Food was placed into a 319 sterile, labeled WhirlPak bag (Sigma-Aldrich, St. Louis, MO) by the caregivers, using whatever 320 means (fingers, utensil) that the caregiver normally used for handling the child's food. Table 1 ). Due to infrequent (<5%) detection rates for tea, water, 381 and other foods, these types were combined into one "Other" group for the single and 382 multivariable analysis to ensure model convergence. 383
Analyses were completed through SAS software version 9.4 (SAS Institute, Cary, NC). 
